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(2 The crude drug "bushi" (aconite roots), prepared from certain species of Aconitum (Ranunculaceae) of Chinese and Japanese origin, is an indispensable material in Oriental medicine which is said to have the activity to recover reduced metabolism of feeble patients and has been employed for the symptoms such as ?am, paralysis, atonia and coldness of extremities.
Since the raw roots of Aconitum plants are known to be highly toxic, they are usually processed before ise by a variety of procedures to reduce the toxicity and to avoid clinical intoxica tion. In order to evaluate the therapeutic effect of the crude drug, we have first examined the quality (the alkaloid content and composition as well as the toxicity) if some raw materials and their processed preparations, thereby clarifying the changes of these parameters during processing; processing of raw roots has been shown to cause hydrolysis of the highly poisonous constituents, the aconitines, to their deacetyl derivatives, the benzoylaconines, resulting in reduction of the acute toxicity of the roots (Hikino et al. 1977) . We have further investigated the pharmacological actions of some Aconitum roots (raw and processed) which are more directly related to their clinical efficacy and, in connection with them, have also examined in parallel those of the most famous principle, aconitine, and its analog benzoylaconine. As a result, it has been found that Aconitum roots possess a number of pharmacological activities some of which may be rationalized by the constituent aconitine (Hikino et al. 1979 ). Meanwhile, we have recognized the necessity to establish more systematically the pharmacological properties of the alkaloids in the aconitine series and benzoylaconine series, which are the main principles of the raw and processed roots, respectively, in relation to those of the crude drug. Although the pharmacological activities of Aconitum alkaloids have previously been subjected to frequent examination, the main interest has been focus sed on aconitine. However, the purities of the specimens of "aconitine" used in the earlier studies are considered to be doubtful except for a few cases, because certain commercially available preparations of "aconitine" was found to be quite impure.
In addition, the main congeners of the aconitine alkaloids in the Aconitum roots which are utilized in Japan are now known to be not aconitine but mesaconitine and hypaconitine (Hikino et al. 1977 ). Thus, no systematic survey on the phar macological actions of these aconitine alkaloids with a sufficient purity has been performed. As part of our basic study to estimate the therapeutic effectiveness of Aconitum roots, this work describes the pharmacological actions of the six Aconitum alkaloids, the aconitines and the benzoylaconines, on the autonomic and central nervous systems. 
MATERIALS AND METHODS
The animals used were male rabbits of the white strain, male guinea pigs of the Hartley strain, male rats of the Wistar strain, and male mice of the dd strain, except for the measurement of antiulcerous activity where male mice of the ddy strain were employed.
For isolation of the aconitines, the crude drug aconite roots, the dried roots of Aconitum japonicum grown in Sado, Niigata, was extracted with cold methanol to yield Fig. 3 . Effect of mesaconitine on the contraction of the isolated guinea pig ileum. Drugs dosed at dots. ACh, acetylcholine 10-9 g/ml; MA, mesaconitine 10-6g/ml. a) Control of ACh and MA. b) After atropine (Atr) 10-8 g/ml. Effect on contraction in the isolated guinea pig hypogastric nerve-vas deferens. The effect on the contraction of the vas deferens induced by the electrical stimula tion of the preganglionic fiber is shown in Fig. 5 and Table 2 . AC, MA and HA (10-7 g/ml) began to suppress the contraction. AC, MA and HA (10-5 g/ml) in itially caused potentiation of the contraction followed by a prolonged inhibition which was not recovered for a long time even after washing out. The contraction began to be suppressed by BA, BM and BH at a concentration of 10-5 g/ml. The effect on the contraction induced by the transmural electrical stimulation of the postganglionic fiber was the same as the above.
Effect on motility in the isolated rabbit mesenteric nerve jejunum. AC, MA and HA (10-6 g/ml) markedly potentiated the pendular movement of the isolated •ª , 10-50% potentiation; -, no effect; •«, 10-50% inhibition;•«•« , 50-100% inhibition. Fig. 6 . Effect of Aconitum alkaloids on the motility of the isolated rabbit mesenteric nerve-jejunum. Drugs dosed at dots. Electrical stimulation to the mesenteric nerve applied at 50 Hz, 0.5 msec, supramaximal voltage. a) AC, aconitine 10-6g/ml. b) BA, benzoylaconine 10-5g/ml. rabbit jejunum, but BA, BM and BH (10-5 g/ml) gave no reaction (Fig. 6) . The inhibitory effect on the pendular movement of the rabbit jejunum induced by the stimulation of the mesenteric nerve was almost abolished by AC, MA and HA (10-6 g/ml), but was not influenced by BA, BM and BH (10-5 g/ml).
Effect on contraction in the isolated rat phrenic nerve-diaphragm. The effect of test alkaloids on the contraction of the diaphragm induced by the electrical AC, aconitine 10-6g/ml; BA, benzoylaconine 10-5g/ml. stimulation of the phrenic nerve or diaphragm muscle is shown in Fig. 7 . The contraction induced by the electrical stimulation of the phrenic nerve was markedly inhibited by AC, MA and HA (10-6 g/ml) which was not recovered by physostigmine (10-8 g/ml), while the same contraction was not affected by BA, BM and BH (10-5 g/ml). The contraction induced by electrical stimulation of the diaphragm muscle was not affected by any of the test alkaloids (10-5 g/ml).
Effect on hexobarbital anesthesia in mice. HA had the most intense potentiating activity among the aconitines at doses of 1 /4 of the LD55 values. BH showed the TABLE 3. Effect of Aconitum alkaloids on the spleeping time induced by hexobarbital in mice strongest activity among the benzoylaconines at doses of 1/4 of the LD50 values, marking about 3.3 times prolongation of the sleeping time. BA and BM also significantly prolonged the spleeping time induced by hexobarbital (Table 3; for LDb0i see Table 6 ). Effect on motor activity in mice. As tabulated in Table 4 , AC, MA and HA showed a marked inhibitory activity on the revolution of the wheel cage among the test alkaloids. The inhibitory activity of MA (1 mg/kg) was the most potent and the inhibition rate of MA was about 80% of that of the control. nerve were markedly inhibited by AC, MA and HA, while the contraction of the vas deferens induced by norepinephrine and acetylcholine was not affected by these alkaloids. These results suggest that AC, MA and HA involve a neuronal blocking action. In the isolated rat phrenic nerve-diaphragm, AC, MA and HA inhibited the contraction produced by the electrical stimulation of the phrenic nerve, this inhibition not being recovered with an acetylcholine esterase inhibitor. The contraction induced by the electrical stimulation of the muscle itself was not affected by these alkaloids. Therefore, the inhibition of the contraction induced by these alkaloids could be due to a neuronal blocking action or a succinylcholine-like ac tion. On the basis of the above results, it is concluded that the aconitines possess no direct action on smooth muscles and skeletal muscles but rather have selective blocking actions on sympathetic or motor nerves. Since the aconitines are well known to inhibit also sensory nerves, it may be said that the aconitines nonspecifically inhibit the activities of peripheral nerves. The aconitines prolonged the hexobarbital-induced sleeping time, inhibited the revolution of the wheel cage, and reduced the rectal temperature in mice, suggesting that they have an inhibitory activity on the central nervous system. In the previous work, we have shown that potentiation of the hexobarbital anesthesia by the aconitines is not induced by inhibition of the metabolism of the hypnotic which is caused by the liver lesion due to the alkaloids, but is mediated by some inhibitory effect on the central nervous system (Hikino et al., 1979) . As for the effect on the motor activity, however, since it is well known that the aconitines also possess a muscle relaxing activity (Inoue 1950) , part of the inhibitory action of the alkaloids on the revolution of the wheel cage may be attributed to motor paralysis due to the muscle relaxation. Further inhibitory activity of the alkaloids on the central nervous system will be reported subsequently.
Although the aconitine alkaloids are proved to have a number of pharmaco logical actions in the present work, it is not yet well understood how the activity contributes to the said clinical effectiveness of the crude drug, the Aconitum roots. For a more complete understanding of the therapeutic efficacy of the alkaloids, further study is required.
